Organisation of critical care services affects patient outcomes, as does the quality of care preceding intensive care unit (ICU) admission. Opportunities for improvement in both these spheres were identified in a district hospital high dependency unit (HDU). Changes were made to the medical and nursing leadership and staffing in HDU including enhanced ICU clinician and nursing responsibility for patient care, admission and discharge, development of a common critical care nursing pool, dedicated daytime supervised trainee medical staff and the option for ward staff to refer patients for an HDU evaluation. Data evaluating the number of patients admitted to ICU, requiring invasive ventilatory support and requiring renal replacement therapy were collected in real time on the existing Scottish Intensive Care Society database and retrospectively analysed using statistical process control (SPC) chart methodology. Organisational changes in HDU care were associated with SPC evidence of statistically significant reductions in patients receiving invasive ventilation, number of patient ventilation days, level 3 care days and renal replacement therapy days. Changing the organisation of HDU care in our setting was associated with marked changes in the pattern of intensive care use. It reduced the number of people receiving invasive ventilation and reduced number of ventilation, level 3 and renal replacement therapy days.
Introduction
'Every system is perfectly designed to achieve the results it gets' Dr Paul Batalden.
In the United Kingdom critical care provision varies in organisation, delivery, quality and funding. 1 Despite numerous recommendations and national reports suggesting how best to organise and provide critical care [1] [2] [3] there is no consensus on the optimal method of structuring services. 4 Organisation and staffing of critical care services can affect outcomes. In the USA where an 'open' intensive care unit (ICU) system is common, adoption of 'closed model' systems, addition of a full-time intensivist and mandatory critical care consultation on admission were associated with reduced ICU mortality and length of stay. [4] [5] [6] The observed benefits are not solely attributable to direct consultant involvement in patient care, but may involve influences on staff education, leadership and organisation. 7 Improvements have been witnessed in medical, 7-9 surgical 10, 11 and sub-specialty ICUs. [12] [13] [14] [15] In 2008 a report from the Scottish Medical and Scientific Advisory Committee recommended changes to the staffing and organisation of high dependency units (HDU). 1 We describe outcomes before and after implementing organisational change consistent with these recommendations which were agreed locally, with the aim of improving care for patients in HDU in the setting of a Scottish district general hospital.
Methods
NHS Forth Valley provides medical care to a population of 280,000 and had two acute hospitals; Stirling Royal Infirmary (SRI) and Falkirk and District Royal Infirmary. In 2006, critical care services, major surgery and all acute emergency receiving specialties were centralised at one hospital site (SRI), and a combined, 10-bedded, medical and surgical adult HDU was created. This was separate from the intensivist-led, 'closed' nine-bedded adult ICU, and employed an 'open' system such that organisational and clinical responsibility for HDU was retained by the admitting medical and surgical consultants and involvement of critical care personnel occurred only at specific request or referral, usually precipitated by patient deterioration.
The ICU at SRI is the only facility that provides level 3 care, renal replacement therapy and advanced respiratory Intensive care use and organ failure interventions reduced following changes to the organisation and delivery of high dependency care support for adults in the health board. Level 3 care is care for patients requiring advanced respiratory support alone or basic respiratory support together with support of at least two organ systems. This includes all complex patients requiring support for multi-organ failure. 16 The HDU at SRI provides level 2 care, including non-invasive ventilation, with level 2 care defined as care for patients requiring specialist observation or intervention, including support for a single failing organ system, postoperative care or those stepping down from higher levels of care. 16 The normal care pathway for ICU patients at SRI involves step down to level 2 care in HDU followed by subsequent ward discharge when clinically appropriate. This ICU discharge pathway remained unchanged during the organisational interventions conducted in HDU.
Strategy for change
Concerns regarding safety of HDU care precipitated an evaluation of the service by doctors, nurses and managers. Case reviews identified instances of sub-optimal care and low morale of nursing staff. Identified areas of potential harm included variability in care provision, delay in delivery of critical interventions, lack of readily available trainee or consultant medical staff to attend patients and non-equitable access to care dependent on the subspecialty that the patient was admitted under. The following interventions were agreed and commenced in December 2007. Changes were in line with national recommendations by the Scottish Medical and Scientific Advisory Committee for the staffing and organisation of HDUs. 3 We are not aware of any other changes in organisation, management, guidelines or patient workload occurring at this time. Ethical approval was not required since the changes were consistent with national recommendations 1, 3, 16 and pertained to the organisation and delivery of care. 
Interventions

Original articles
Evaluation of outcomes
Electronic data entry was already routine in ICU as part of the national Scottish Intensive Care Society Audit process. All patients admitted to ICU have data collected on admission, and daily thereafter until discharge, using a minimum mandatory dataset. 17 The software system WardWatcher™ (Critical Care Audit Ltd, Otley, West Yorkshire, UK) is used in all Scottish ICUs for this purpose. The data is validated on a monthly basis by Information Services Scotland (ISD), part of NHS Scotland, and local data entry is overseen and supervised by a lead audit consultant. WardWatcher™ was retrospectively interrogated for a continuous 58 month period including 24 months before and 32 months after interventions (December 2005 until September 2010). The following outcomes were assessed per calendar month: • The number of patients admitted to ICU between 00:00 hours on the first day and 23:59 hours on the last day of each calendar month. • The number of patients receiving advanced respiratory support for each calendar month, ie patients receiving invasive (through tracheostomy or endotracheal tube) positive pressure mechanical ventilation. • The number of ventilator days attributable to patients admitted and commencing invasive mechanical ventilation in that calendar month. A ventilator day was defined as the patient receiving advanced respiratory support for part or all of a day (24 hours from midnight to midnight). The total ventilator days per patient was calculated and attributed to that month even if the requirement for invasive mechanical ventilation extended beyond that particular month end. For example, a patient ventilated for fourteen days spanning two calendar months would have all fourteen days attributed to the month of their initial admission. • The number of level 3 days attributable to patients admitted in that calendar month. A level 3 day is defined as one in which, for all or part of the 24 hour period, the patient requires: advanced respiratory support alone; support of two or more organ systems (respiratory, cardiac, neurological, renal or dermatological); support for a single organ system in the presence of chronic organ impairment, as assessed on admission to ICU. 17 This is consistent with agreed definitions of levels of care. 16 The total number of level 3 days generated per patient was calculated and attributed to that month, even if the requirement for level 3 Data were plotted on statistical process control (SPC) charts. SPC methodology is widely used in manufacturing and industry and is increasingly being applied to healthcare systems. 18, 19 It allows significant change to be differentiated from natural variation within a system more rapidly than classical 'time static' statistical tests. 20 In SPC theory 'common cause variation' is the term used for the natural variation inherent in any process. Control charts consist of a central line (CL) through the mean or median of the data set and upper and lower warning limits (UWL and LWL) and control limits (UCL and LCL) normally set 2 and 3 standard errors from the centre line respectively. Data points outside the control limits, or specific data patterns, suggest special or external cause variation due to events, changes or circumstances not previously inherent in the process. 20
Results
No significant change in the demographics of patients admitted to ICU was observed between the two time periods. Mean age of patients admitted to ICU prior to HDU interventions was 56.71 years, compared to 56.07 years for the period after. Mean APACHE II score of patients admitted to ICU prior to HDU interventions was 19.67, compared to 19.37 for the period after. In the period analysed prior to the intervention (Dec 2005-end Nov 2007) there were 945 ICU admissions; 44 of these were readmissions to ICU during the same hospital stay, giving an ICU readmission rate of 4%. Following the intervention (Dec 2007-end Sept 2010) there were 1,197 ICU admissions, including 36 readmissions, giving an ICU readmission rate of 3%. Figure 1 demonstrates a reduction in the number of patients receiving IPPV in the period following changes. The SPC chart demonstrates common cause variation in the first part of the chart with evidence of special cause variation in the period following interventions commencing. Figure 2 demonstrates a reduction in attributable invasive ventilation days per month in the period following HDU changes. The chart demonstrates common cause variation in the first part of the chart with evidence of special cause variation in the period following interventions commencing. There is one extraordinary point showing an increase for one month. This relates to a single patient with an acute long-term neuromuscular condition who needed to be admitted and ventilated for a long period. Figure 3 demonstrates a reduction in number of patients being admitted to the ICU in the period following changes. The chart demonstrates common cause variation in the first part of the chart with evidence of special cause variation in the period following interventions commencing. Figure 4 demonstrates a reduction in number of level 3 days in the time period following changes. The chart demonstrates common cause variation in the first part of the chart with evidence of special cause variation in the period following interventions commencing. There is one extraordinary point 
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showing an increase for one month but this was caused by the long-term patient described above. Figure 5 demonstrates no change in the number of patients per month starting RRT. Figure 6 demonstrates a reduction in the number of monthly attributable RRT days per calendar month.
Discussion
We describe changes observed in outcome measures associated with alterations in the organisation of HDU care in our hospital. We used SPC charts to evaluate major outcomes and processes. The number of patients receiving invasive ventilation, number of ICU admissions and number of level 3 days all fell significantly. There was no change in the number of patients commencing RRT, although there was a reduction in RRT days (a surrogate for dose of therapy).
The number of patients receiving advanced respiratory support is a surrogate measure for patients with respiratory failure who receive invasive ventilation. In our system, a decrease in patients receiving invasive ventilation was associated with decreased ICU admissions and level 3 days. Reasons for the observed changes are open to speculation. There was clear evidence in our system of sub-optimal care in the HDU population before changes to HDU care provision and organisation were implemented. Sub-optimal hospital care prior to ICU admission is common, multi-factorial and known to contribute to avoidable ICU admissions. 21 Quality of pre-ICU care 21, 22 and the duration of hospital stay before ICU admission 23 can influence intensive care outcomes such as morbidity, mortality, duration and cost. If poor pre-ICU care can negatively influence ICU outcomes then it is possible that better care prior to ICU admission may also have an impact. Changes in the organisation of HDU care may have resulted in improvements in pre-ICU care and mitigation of avoidable organ failures.
It is also recognised that up to 40% of ICU admissions may be inappropriate. 21 It is conceivable that the involvement of clinicians and nurses with critical care experience in HDU may have resulted in earlier and more proactive decision making, particularly regarding ceiling of therapy and triggers for palliative care, with the effect of preventing futile ICU referrals and reducing inappropriate ICU admissions.
We did not observe a reduction in the number of patients receiving RRT, although the total dose of RRT delivered (number of RRT days) did decrease. Several factors are worthy of consideration and again there are a number of possible explanations for this. Firstly the institution of RRT is a less definite end point than invasive ventilation and cannot be so easily used as a surrogate marker for organ failure. RRT may be instigated for reasons other than renal failure and consultants may differ in their timing of RRT commencement in the critically ill. The reduction in RRT days observed may reflect earlier institution of RRT at lesser degrees of renal injury, and consequently lower dose requirements, due to involvement of Irrespective of cause, the decrease in ICU admissions and level 3 care days could mitigate predictions of a progressive increase in need for critical care services over time. 2 An ability to reduce ICU requirements may be particularly important in the future as demand for a finite resource increases. In England and Wales, level 3 bed usage is used to calculate costs during service commissioning. 24 Given the high daily cost of ICU care, 25 a reduction in ICU admissions and requirements for level 3 care might have financial ramifications. Although we did not conduct a full economic analysis, in our hospital two ICU beds were effectively closed during the time period described. This represents a real financial gain. For other units wanting to replicate this work, the costs of increased medical staffing in HDU might be offset by apparent savings from reduced ICU requirements. These improvements are also suggestive of improved outcomes for patients and may be an important part of delivering best possible care at lowest cost.
There are limitations to this work. Firstly the study is a before-and-after unblinded evaluation. The study is uncontrolled, but does describe the local context, the mechanisms used and the outcomes. 26, 27 We have not measured specific care processes but simple outcomes in the context of the complex healthcare system of a UK district hospital. Adverse effects of the intervention were not specifically measured though none were brought to our attention. We are not aware of any safety implications of the interventions although intuitively, a reduction in errors might be expected due to greater consistency and communication between ICU and HDU areas.
Changes in population characteristics, caseload of surgical and medical specialties and critical care referral patterns outside our health board might conceivably affect ICU requirements and incidence of organ failure. However we are not aware of any such changes in the time period described and such variables would be equally uncontrollable in a prospectively conducted study. Of note, the Scottish Patient Safety Programme commenced in 2007 and interventions occurred in the ICU during the period described to reduce ventilator-associated pneumonia, introduce daily goal setting and multidisciplinary rounds. Though these interventions may have had effects on total durations of invasive ventilation (ventilation days per month) and level 3 days; it is not likely to have had an effect on the number of patients receiving invasive ventilation or being admitted to ICU.
The interventions described involved multiple changes to the organisational and operative running of critical care services. It is therefore not possible to attribute outcome improvements to any single intervention, though all the changes were consistent with national recommendations regarding critical care structuring. The changes described are by definition context specific and benefits realised cannot necessarily be extrapolated to other settings.
Finally further data are required to determine if the observed changes will be sustained. Ongoing measurement and updated SPC charts would be useful to evaluate this. The standard Scottish Intensive Care Society audit tool and data set were used for the evaluation of outcomes and effects of the changes to HDU care. This is an example of using data which is collected locally, as part of routine work, to evaluate local improvement efforts. Measuring these variables in any health system might provide a surrogate marker for how the system as a whole is operating and allow improvements to be demonstrated and tracked over time. It is possible that further improvements could occur in our hospital as more effective level 1 care and rescue systems are developed.
Conclusions
Data collected as part of normal work were presented as statistical process control charts to evaluated critical care requirements and outcomes over a time period during which changes in the organisation of our system were introduced aimed at improving patient care.
Changing the organisation of care in HDU in our system was associated with marked changes in the pattern of intensive care use and was associated with reduced number of patients receiving invasive ventilation, reduced ventilation days, reduced level 3 days and reduced RRT days.
Professional interest for intensive care clinicians often (rightly) emphasises expertise in managing patients with established organ failure(s). Perhaps an additional worthy goal would be to develop our focus and expertise at evaluating and improving the healthcare systems in which we work so that preventable organ failures, harm and ICU admissions are a focus of our improvement efforts.
Declaration of interests
The authors declare that they have no competing interests. 
